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CONTRIBUTIONS AND BIBLIOGRAPHY. 
SOME ODSERVATIONS ON TEMPERATURES AND WINDS AT MODERATE ELEVATIONS ABOVE THE GROUND. 

By VINCENT E. JAKI., Meteorologist. 

[Dated: Aerological station, Drexel, Nehr., May 18,1919.j 

Sr~o~sis.-This article is based on the free-air observations by 
means of Marvin-Hargraves kites begun at Drexel, Nebr., in October, 
1915. 

Average annual temperature gradients 111 the lower air over any 
region are dependent laroely on the ii1tensit.y and permtence of the 
winter temperature inveiGons. for in summer surface heating produces 
loral convection which results in nearly uniform vertical teniperat.ure 
gradienta over wide area. The gradient a t  any time is dependent 
lar ly on wind direction at different levels, especially in winter. 

g e  xinter vertical temperature gradieub mer Drew1 are t.hc result 
of the siicce?sive cold and warm-wave conditions. In the cold wave 
the cold air arrives iimt near t.he surface and gradually affect.@ higher 
levels. Near the ground turbulence and heating hy day may mhta i i i  
a thin sheet in which there is B l a p e  in temperature, but the general 
condition is one of inversion. >ear the center of the anticyclone 
dynamic warmug by the compression of the descending air is some- 
times in eyidenre aloft,. Then B shift of wind to srmt.h will rajse the 
tmnperaturs at. Rome distance above the: surface several hours heforin 
t.lie slower-moving surface wind amves. 

The degree of diurnal change of surface wind depends on t,he vertical 
temperature gradient a9 well as on the rdat,ire veloc.it.ieJ of the iipper 
and lower winds, convectional interchange bemg great,er w-hrau the 
bvadients are steepest. 

Gradient winds computed from sealevel isobaric charts frequently 
do not agree at a11 closely with thme obfierved D few hundred metem 
rliove the surface at Lirexel (itself at 396 m.), for, a d e  from arbitrary 
assumptions in  sea-level reductions. the diverse temperatures of the 
air over neighborin regions may make the slopes of the itloharic surfacea 
even at moderate h g h t s  differ coneiderably from those indicated by 
the eea-level charts.-(.‘. F. H. 

INTBODUCTION. 

A large portion of the readers of the REVIEW other 
than those actively engaged in upper-air work find it hard 
to interest themselves in the mere tabulated record of 
upper-air observations. As the period of observations 
at any aerological station becomes longer, I believe a 
more descriptive treatment can be iven the published 

eneral study and discussion of upper-air data among 
Lose who have heretofore looked upon these records as 
something rather foreign to their own work and lines of 
thought. 

THE “UPSE-RATE” OF TEMPERATURE. 

results. This, in my opinion, shod 2 encouruge a more 

In a table of average annual free-air tem eratures 
over practically any station a continuous “ ipse”  in 
temperature with elevation from the ground to the iso- 
thermal layer, or stratosphere, is shown. This word 
“lapse” is taken from the English ublications as more 
appropriate than the awkward dernative, “positive 
vertical temperature gradient.” The axpression “in- 
verted rate” is used to conve the op osite meaning. 

according to their latitude, altitude, and exposure, but 
The. lapse rate varies somew fr a t  for cPifferent places, 

l 3 o S a l - 1 ~ 1  

it is probable that the tendency of this rate for successive 
large intervals of elevation, as shown by data already 
available, is universal. 

GENERAL CONDITIONS AFFECTING GRADIENTS. 

A discussion of the processes arisinq out of insolation, 
radiation, aiid con1 ection that establish and maintain 
these vertical tern ierature gradients would only be a 
repetition of an I J. ready exhaustive treatment of the 
subject. By of introduction to the sub’ect of this 
paper, which it IS intended to confine to o b serrations 
on temperatures and winds a t  moderate elevations, it 
need on!g bc pointed out that the l a p e  rate on the 
average increases from the ground to nearly the isotlier- 
inal layer: that from about 4,000 meters altitude to 
about (3,000 meters it ap roaches the adiabatic rate for 

with altitude, season, a.nd 
place; and that below about 4,000 meters the la?-se 
rate ayerages ~bp xosimately hdf  the adiabatic rat? for 

sond means. 
IIYr$.tcr vs. s i m m e r  gmdi.mts.-The 1iniit.ations imposed 

on the lapse rate by convection and the liberntion of 
latent heat of condensation of the moisture content, of 
the air opertttc to maintain a comparative!y uniform 
rate over different inland plitces iii summer; while in 
winter a lower lapse rate (or greater iiivertcd rate) can 
be inferred for higher latitudes and longer continental 
csposure. I t  will therefore be found that the v-sriation 
in the average annual vertical teiiiljerature gradients 
below about 4,000 meters, for different inland places, is 
largely determined by the diffel-ent winter values 0: 

dry air, and is rather uni.orm P 

dry air, but wit 1 1 marked differences between the sea- 

thesarates. 
Wad and tsmucratures aloft.-The influence of wind 

direction and foke 011 ver6cal teniperuture gradients 
is ayparen t when comparing daily free-air gradients 
with the normal gradients for the season. Seasonal 
averages are simulated frequently on sunmer days, but 
more rarely in winter, the deoiatious from the normal 
winter cuwe increasing in frequency and amount as 
lower altitudes are considered. This is amresult of the 
stee Ier horizontal tem erature gradients, the greatei 
wini force, and more a i rupt changes in wind direction 
prevalent in winter. A consideration of the free-ail 
records of Drexel, Mebr., as bearing on tho relation of 
winds and temperatures at altitudes well below 4,000 
meters, or w i t h  the usual range of kite fli hts, may b(1 

this station is representative of considerable of the 
interior ortion of the countr and affords data in this 

exposure. 

of interest, from the fact that the centra f location oi 

respect l eretofore not availab P e for a typical continental 
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Thunderstorm due east of Pensacola, Fla., 9 a. m. (90th mer. “summer time”) Aug. 26,1918. Photographed by Lieut. W. F .  Reed, jr., U. S.  N.  R.  F. (Published by 
permission of the Navy Department.) 

Observations at 9 a. m.: Showers due east and due west of station moving northward; lightuing and thunder; barometer 30.06 in.; temperature, dry bulb 85 0, wet bulb 
78.0; wind SE., S-Qmi/hr.; clouds, .3Ci. and .2Ci.St. fromNW., .1Cu., 3 Cu.Nb. and .1 St. from S. 
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WINTER VERTICAL TEMPERATURE GRADIENTS OVER 
DREXEL. 

Table 1 gkes seasonal free-air temperatures and pradi- 
ents for Dresel, determined from about two and a half 
years' record. A change that: will to some extent affect 
the vdues of the gradients may be expected fiom 
additional years of obsewations, but the tendency or 
dkection of the curve indicated by the gradients will 
undoubtedly remain the same. These figures are: 
moreover, ire uently gil-en partid verification by oh- 

seasons. 
The winter temperature gradients a t  Dresel well 

illustrate its continen tal esposure. To verify further the 
figures in Table 1 for the colder portion of the year, an 
effort has been made to compute 24-hour mean gradients 
for altitudes estending to 2,000 meters above sea level, 
or about 1,600 meters above station, above which the 
diurnal change is usually not lar e. The result, shown 

tinuous 24-hour free-air observations as were occa- 
siondy possible d u m g  a period of nearly four years, 

servations on x ays that seem typical of their reslrectii e 

in Table 2, was determined from t a e records of such con- 
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tion to just such processes in the regions to the north 
and northwest, whereby estensive, rather deep masses 
of cold air build up, consequent upon a prolonged un- 
disturbed radiation.' 

A number of instances of this persistence of low 
temperatures in the layers near the ground may. be 
found in the published records of free-air observations 
taken continuously for 24 hours or more. A goodtype 
of winter vertical temperature grnclieii ts during a period 
when norninl surface temperatures prevailctl, is afforded 
by the diurnal series record of February 14-15, 1916, (2). 
It will be noted that an inversion a t  an average altitude 
of about 1,400 meters above sea level, or 1,000 meters 
above the ground, was continuous throughout the 33 
hours of the series, and that insolation during the day 
w m  effective in restoring the normal lapse rate in a 
layer estending only a few hundred meters above the 
ground. Above the inversion layer, and estending to 
about 3,100 meters from the ground, a lapse rate was 
maintained, and the temperature showed only slight 
diurnal variation till about the last 12 hours of the series, 
when a sustained rise in temperature,. preceding and 
attending a steady fall in pressure, set in. The rise in 

Fro. l.-Progmsive tempenrtiue gradients in cold wave of Dee. 27, 1917, at Drexel. Temperatures in C. 

and therefore re resents averages based on observations 

Table 2 qualifies the corresponding data in Table 1 only 
as typifying a more stagnant state of the atmosphere, 
inasmuch as Table 1 is the mean of all available obserrn- 
tions, while the observations included in Table 2 a x e  
mostly taken in clear weather. Table 2 should further- 
more be acce ted with the reservation that it is based 

reference to these tables will be made in the following 
paragraphs. 
As, on the average, the winter radiation, during a 

24-hour eriod, is far in excess of the concurrent insola- 
tion, an cp as this excess is not easily offset by warm winds, 
owing to remoteness from large bodies of water, the 
tendency is for an accumulation of cold air over an 
extended area. This cold layer is stagnant as regards 
ability of the warmer winds above to intermis with it, 
and consequently builds up until a well-defined storm 
or low pressure area dispels it. Table 1 illustrates the 
comparative permanence of this cold l a p r  above the 
ground in winter, and Table2 its progressive deepening 
with advance of the season. It is conceivable that the 
cold waves that at intervals visit a considerable portion 
of the country throughout the winter, owe their incep- 

varying in num l! er for the different months. 

on decidedly r ewer observations than Table 1. Further 

temperature in the higher layers was not uniform with 
altitude, as is apparent in the small scattered inversions 
a t  various heigh t,s. 

The afternoon rise in temperature in the layers immedi- 
ately above the ground, plays a part in establishing the 
small average winter lapse rate in the yery lowest layers, 
as shown in Table 1, and sug ested in the midwinter 

Table 1 were made rincipally in the daTtime, this 
reversal of the inverte Y rate near tliq vround 111 winter is 
not necessarily c.onfined to the dnyl ia t  hours. Due to 
the revalence ut this time of year of winds that are cold 
a t  t Tp ieir base, but which, on account of the retardation 
and vertical currents induced by surface frict-ion, show 
lowest temperatures a t  thut small altitude above the 
ground where surface friction is fpr the most part sur- 
mounted, a lapse rate may be evident the first two or 
three hundred meters above t.hc ground, irrespective of 
the time of day. Low-lying cluiids, prevalent in winter, 
also play an im ortnnt part in establlvhing a lapse rate 

Progressive vertical ten& cratu.w. gradients in a cold 

month in Table 2. While the o % servations entering into 

from the groun 9 to their base. 

wave.--Figure 1, adapted f rom the chart accompanying 
1 Cf. MONTHLY WEATHER REVEW SUPP~EYENT No. 12 Aero10 No. 7, pp. Wz; 

and MONTHLY WEATHER REVIEW, 46, NO. 12, pp. 5?0-580.-&. R. 
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the record of the diurnal series of observations taken on 
December 26-27, 1917 (3), shows successive vertical 
temperature gradients at two-hour intervals during the 
advance of a cold wave. This graphic method, differing 
from the chart from which it is adapted, in that the 
tem erature lines are isochronous instead of isothermal, 

in the line of advance of a cold wave. &he same methocl 
has been used in graphically illustrating a warm wave in 

Rgure 1 fully confirms the conclusion advnnced by Clay- 
ton (41, that a cold wave advances in inclined stratn, and 
that the temperature falls first near the ground, and pro- 
gressively later athigher altitudes. I t is  apparent, however, 
that the rapid fall in temperature is limited to some com- 

paratively low altitude, probably 
not esceeding 1,000 meters above 

4200 the ground. The obvious inference 
that the depth of the strata of rap- 

4000 idly falling temperature shows 
some cocrdinntion with the inten- 
sity of the cold wave and the mag- 
nitude of its causatire HIGH seems 
well borne out by observation. 

Thrtical t t  m pertit ii re qrmli~ j l  fs ut 
the errbiinntion r f a cold wuve.-.A 

has rl een chosen as possibly representin a vertical plane 

fig. ?.) 

Ing in the rate o i  tern erature fell 
in tlie apes of the col B wave prob- 
ably takes place at some intcrme- 
diate stnge in its progress, while 
the temperature f n  1 in the higher 
layers -slow a t  first - con tinues 
steadily till the c~lminat~ion of the 
cold wave. The slower fall in the 
higher altitudes is in accord with 
the opinion hereinbefore given pf 
the ossible origin of cold waves 111 

smallerhorizon tal temperature clif- 
ference with increasing altitucle. 

A plausible esplanation of the 
apes of the cold wave becoming 
first evident near the ground, and 
later at higher altitudes, is that 
the cold air can not n$vance un- 
til a temperature gradient to the 
ground, equal to or leSs than tlle 
adiabatic ratc,is estabbshed. I t  1s 

-36 -34 -32 -30 -28 manifestlyimpossiblefor aatrntum 
TEMPERATURE. "G of air that is subject to agitation in 

FIG. Z.-Temperatulr, grdient, a vertical directlon to make much 
11-30 a. m.,  an. 11, 1918. at horizontal progress, so long as it is 

potentially colder than the air he- Drexel. 

neath it. The apex of the cold wave will eventually rise 
to that altitude in the forward moying stratum of cold air 
where the wind velocity is the greatest. 

If a cold wave, such a.3 depicted in figure 1, culmiiiates 
at night, tho layers of air near the ground, and, to some 
extent, those of higher altitudes, will cool further by 
radiation, until a more or less isothermal condition of cold 
air extending to a considerable altitude, remlts. Figure 
2, taken from the record of free-air observation on January 
11, 1918 (5), shows the vertical temperature arran-emeiit 
on the coldest day of the winter of 1917-15. Tile oberva- 
tion wtts taken soon after the crest of a period of rising 
pressure had passed. 

It will be noted that the lowest. tern erature, -35.1' 

the P ower strata, and the assumed 

C., at about 4,200 metem altitude, was 1 ut a few degrees 

lower than the morning' surface temperature, although 
considerably lower than the niean winter temperature 
for that altitude given in Ttxble 1. Owing to the fact 
that the winter of 1917-18 was unusually cold, figure 3, 
taken from the second of the series of diurnal observations 
on January 37, 1916 (6), is shown as representing a more 
nearly typical condition. In  this graph, the shallow 
depth of the stratum of low temperature is a t  once 
apparent; while u t  himher altitudes, tenipertttures appear 
to be about nornial for the season. In the higher alti- 
tudes, however, the winds had backed to strong f e s t  and 
southwest, shon-ing that a recovery of temperature had 

TEMPERATURE, OC.  

FIG. 3.--Tetnperature gradient, 11 a. m., January 27, 1QlR; st Drexel. 

probably already begun, although the surface pressure \vat. 
still rifing. During the observation of January 11, 1918. 
the winds were from a general nor thwe; terly direc tioil 
and of gale force from the gouncl to the highest ultitudv 
reached. 

It appears that the outstanding feature of c.old waves k. 
a t  fist a rapid fall in temperature a t  moderate altitudes 
tihove the ground; and that the fall in tern mature in thv 

depends on the magnitude-but priucipally on t h c  
per& te1ic.e-of the accom anying HIGH or succession of 
HIGHS. A ersistence o? high pressure, or a rapit! 
succession o F areas of high pressure, is apparently corre- 
lnted with a deepening, through radiation, of the alread) 
cold masses of imported air. 

higher altitudes, and the subsequent fa h a t  all level:. 
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Presumably, radiation continues to cool the elevated favorable for prolonged radiation. A vertical tempera- 

strata during the prevalence of high pressure until low ture gradient such as that shown in figure 2 may be 
temperatures are reached, after whlch further cooling of inferred as the final result of persistent high pressure in 
the surface layers to temperatures much below that of the winter. 

Recovewy of tmpcra.ture tzfter a cold tca.vt.-Apparent 
evidence of dynamic heatin of descending air m the 
crest of a HIGII is occasiona lf 7 shown when an observa- 
tion under tvhose conditions is possible at night. The 
last observations in the diurnal series of January 2-3, 
1919 (7), niade in the crest of a cold hi h- ressure area 
showed a rise in temperature in t,he %igEer altitudes 
before insolation had begun or a change in wind direction 
had taken place. 

Figure 4 illustrates an early stage in the temporary 
reoovery of temperature, due to changin winds, during 
an estended period of cold weather. Tfe y p h s  show 
the teni eratures durin the ascent and eqcent of R 

1-3, 1918 (S), when the crest of a high-pressure area had 
just begun to recede and a lowpressure area was advanc- 
ing from the north. A rise in tmiperature in the interval 
between ascent and descent is noted below 3,000 met.ers, 
being well pronounced in the hyers from about 2,500 
met,ers to the ground. An esaniinstion of this and sub- 
se uent observations estending over an approximately 

falling pressure, the wind near the ground was generally 
southwest, while at  higher altitudes up t.0 3,500 meters, 
the winds thti,t had pret.iously been west-northwest. 
gradually becaiiie soutlivrst ; also t,hat the rise in tein- 
peruture bclow 3,000 meters eventually became concen- 
trated in a sustained relatively m-ai111 stratum estending 
from about 300 to 1,000 met.crs above the ground. From 
3,000 meters t,o 3,500 meters and presumably a t  higher 
altitudes, to which heights observations after the first, 
fliwlit did not estend, the rise in teiii erature was small. 

February 3, 1918, of cold nort,hwesterly winds of gale 
force attendin a rapid rise in pressure, illustrate the 
temporary 1110 2 erating influence of a LOW bridging two 
vigorous iIIGHs and lead to the inference thalt the influence 

articular LOW probably did not estend much 

Propssice .iwrticd tun yernt ure pcICzieiit8 i n  a ~ i m r r r  
wa.vt.-In support of the partial evidence deduced from 
t.he foregoing t,ha.t a tendency for an increasingly warm 
stratum of air to become pronounced at  successively 
lower altitudes is perhaps as trpical of the front of a 
LOW as the characteristic? rise in temperature itself, 
figure 5, taken from the diurnal series of observations of 
Oct,ober 1G-17, 1917 (9), is produced. This graphically 
shows t.he progress of a warm wave that became evident 
in the early evening hours, or about 12 houix after a fall 
in pressure set in. An over-runnina warm current, of 
which this is a good esltlnple, is dEcernible as a rule 
only in night or early morning observations, particularly 
in clear weather, as t,he warrning effect of convectional 
currents tend to inask other causes of rising temperature 

It will be noted that this warm wave &st became evi- 
dent principally at  about 1,000 meters above the ground, 
from which altitude then esof the ndvancingcurrentof ris- 

FIG. 4.-Temperature gradients at Drexel, Feb. 1, 1018. ing temperature gradual -y desceiiiled to about 400 meters. 
The combined effect of rising temperature aloft and cool- 

layers aloft is held in check by the fact that the rate of bg by radiation in the layem. near the ground in callsi 
racsatioli becomw less as the temperature becomes a steep inverted gradient is significant of the small t,itxx 

lower. the ency of warm air aloft to intermix with th? coolm air 
msible minimu1 temperatwe on the ground an !3 the below. In  such a circumstance clear weather m the morn- 

iyms, of air immediately above, when conditions are ing will cause a rapid rise in temperature on the ground 

kite in t i e  first flight 0 '  f the diurnal series of February 

2s- 7l our period shows that, RY nu nccompanhent of 

'hiese conditions, connected wit P 1 the recurrence on 

higher Of this t P im 3,000 meters above the ground. 

by day;. 

P TEMPERATURE. O C .  

Il~olation is therefore effective in limitin 
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until the inversion temperature is exceeded, inasmuch as 
insolation will then be available to heat, through the 
medium of convectional currents, only the 
thin stratum of air comprising the inverted 

Possible ciur.racte.rist~ic n.ir nzovemen.t in 
Low.-The altitudinal pro ess of the warm waqe, oppo- 

easy explanation. It may be assumed that the warm 
wave represented a south-Do-north drainage from a mass 
of air probably not much more than 1,000 meters deep, 
that had previously been abnormal1 warmed by insola- 

s h t a  above the ground, contingent upon unei ual henting 

flow of warm air from'south to north. This flow would 
be evident first at the altitude of the top of the column, 
because there the isobaric gradien t u  mould be steepest 
and the wind consequently stron est. The air brought. 

be increasingly warmer,. as would be expected from n col- 
umn of air warmed by insolation and convection. 

It isapparent that an orerflow of air from a warm col- 
umn does not necessarily imply a return current near the 
ground, but that under certain conditions the consequence 

site in direction to that o F the cold wave, admits of an 

tion. The well-understood rising o 9 isobaric surfa.ces. in 

or cooling in a horizontal direction, would t A en cause a 

in by the successively lower and s f ower winds would also 

3000 

considerable alt.itude in January could be explained in 
much the same way as the approsimately similar vertical 
gradients in figure 2. 

DIURNAL CHANGE 19 WIND VELOCITY AND DIRECTION. 

An examination of the data contained in the observa- 
tioris from which figure 5 was drawn suggests some com- 
men ts on the generally accep ted explanation of change in 
surface wind direction and velocity with diurnal change 
in temperature. That the descendin air, reciprocal to 
the rising currents due to insolation, %y retaining much 
of its original momentum after reaching the ground, is 
wholly effective in causin the observed veering in direc- 

to uestion. 
' h e  well-marked evidence of this phase of diurnal 

wind chan e shown in the record of October 17, 1917, 

there is frequent apparent contradiction to it. While 
convection currents have a marked influence in checking 
the velocity of winds aloft, i t  is quite possible that 
a compensating rise in surface velocities is only par-. 
tially realized, the energy of the lost motion of the 

tion and rise in relocity o B surface winds, is probably open 

would amp 5 y justify this explanation, were it not that, 

3000 
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Fio. S..--Progresslvo tcmperature gradients in wnrm wave of Oct. Wli ,  1917, at Drexel. Temprraturu In 'C. 

of temperature difference between adjacent columns may 
be a general movement of air from warmer to colder. The 
displaced air is undoubtedly compensated by a return cur- 
rent in another more or less remote vertical plane. The 
warm wave cited occurred in the front of a LOW that ad- 
vanced from the southwest, but whether it was simply 
incidental to the circulation in the front of the LOW, or, 
in view of the possible circumstance offered in its es- 
planation, was a contributing factor to the developm'ent. 
of the LOW, is a matter for conjecture. The question of 
cause and effect in this instance suggests some of the rea- 
sons offered by Prof. Bigelow in support of his counter- 
current theory of storms (IO). 

Cyclonic and seasonal tetn. eratu.re cyclee.-lf figures 1, 
2, and 5, in the order given, b imagined aa representing a 
complete cyde of temperature fall, minimum, and recov- 
ery, a seasonal arallel cycle is apparent in Table 2. If 

age radients, and noting &at January is the coldest 
monk,  the conclusion is su gested that the inverted 
gradients in late autumn a n 6  early winter are in large 

art the resultant of under-runnin cold winds, and in 

warmer winds. The small inversion rate extending to a 

the figures in Ta \ le 2 be acce ted as approximately aver- 

fate winter and early spring the resu s tant of over-running 

upper currents being probably conserved through ther- 
mal changes. 

On the date referred to the morning rise in velocity 
and veering in direction suggestss an esplanation con- 
nected with the pressure distribution which, it will be 
noted, showed the common circumst,ance of an observa- 
tion taken in the periphery of a LQW. Accepting the 
supposition that convection currents are a com lement 

by removing that surplus upward, it is apparent that 
on a clear night, convection in the low strata near the 
ground that have become cooled by radiation bein 
inhibited, converging winds are consequently retardel 
if we disre ard the influence of friction. With the 
dispelling 05 the inverted temperature gradient by 
insolation, a release of the air via convectional currenh 
is effected in the low strata within the LOW,. thereby 
accelerating the converging circulation. The increased 
velocity of the converging winds near the ground enables 
them to veer toward a duection more nearly parallel to 
the isobars. 

Local convection and gu.stin.ess.-It is probable that 
the normal daytime rise in surface wind velocity is also 
to a large extent due t.0 the independent disturbing 

to converging circulation in a LOW, in that t 1 ep aid 
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effects of convectional currents, aided by a slight pres- 
sure gradient. When conditions favor strong convec- 
tional currents, a.nd pressure gradients are weak, kite 
flights abundantly show that the horizontal currents 
come in surges a t  niore or less regular intervals, the 
effect of which on velocity records is largely lost in the 
ordinary method of registering wind from a Robinson 
anemometer. 

, The surges iii wind velocity attending convect,ional 
currents often show a wide oscillation in direction when 
the amplitude of the surges is well marked. The oscil- 
lations may have a range of 90 or more degrees in 
azimuth [as, for esample, from west to southwest and 
back again) at int,ervals a few minutes apart, and tend 
to be sync.hronous witl? t,he surges in velocity. It is 
robable that after horizontal currents are once estab- 

{shed by convection and pressure gradient their future 
ath is oscillatory, for re.asons similar to those given 

Sandstroni in discussing the relation of pressure 
gradient and wind ( I  1). The fact that winds aloft, at; 
even moderate elevations above the ground, change in 
direction but slowly attests to the comparative freedoni 

. of these oscillating convectional winds from influence of 
the steadier winds aJoft. 

Convectional currents sometimes appear to give a 
1irogressi.c.e wind u waye-like course, in which an inter- 
change of l-clocities as well as teni1:erutures between tmlie 
surface air and that aloft no doubt tnl--es ylacq. To 
what e s k n t  a sinuous path in a vertical direction is red 
and to what estent apparent, is well brought out in some 
recent observations on smoke as an indicator of gustiness 
and convection (12). In  a line of kitesflying a t  ulow angle 
the illusion of wm-es in the air is sonietimes complete., 
the kites bein successively eley ated rind depressed as the 
gust passes i o n g  the line. While a strong ascending 
current is easily discernible in the behavior of u kite 
rising in it, evidence of an actud descending current 
immediate1 preceding or following it is not  conchive, 

Oaer-ridl.ng winds not alwmys a-ffected by eoii.z'ectio,i.-In 
the case of steady winds, i t  would appear that conyection 
and viscositj- play only a small part in .fixin6 the yelocit.ies 
at the various altitudes, escept as convection IS effective 
in rettirding them. In  the niornin an inversion lityer 
near the ground acts as a barrier in fhiiting convectional 
currents to t,he strata intervening between it and the 
ground, until an adiabatic. rate to the ground has been 
established. That the intensifying of coiiyec tional cur- 
rents is not necessarily produclk-e of higher surface 
velocity. even when strong winds prevail a t  8 smtll 
altitude above the ground, is occasionally shown by kite 
fights.' On the mqrningofJanuar 9,1919 (13), a free-air 

hundred meters above the ground rose from strong to 
gale force, the surface velocity fell from light to almost a 
calm, notwithst.anding the fact that the surface t e q e r a -  
ture rose during the same time. The pressure gradients 
shown by the inorning map of that day were weak over 
Dresel; also the surface wind did not increase until a 
steady fall in pressure set in a few hours after the observa- 

owing to t i e  ? weight of the kite.' 

observation showed that while t XT e wind velocity a few 

1 Zvidence of such descending currents Is, however oItcn cpnspicuouslv apparent 
durlng ascrnsions with captive balloons. At Mount deather. \a.. such balloons were 
used on days when kites could nut be flown because 01 light winds, and it was o!ten 
necessarr especially nuring summer days. when convectlun was partlrularly active. 
to watch )the reel cluscly, In order that the wire should be let out only at such speed os 
would enable the hdloon at all times to keep the wirr taut. Alternately ascenc IC m d  
descendingcurrrnts produced large varlntions in thls.specd. cspecially at lercls between 
the surfwe and cine or t\io humred meters above it: in serrral instances desrcndiq! 
currents were so yronoluired as to cause the balloon to drop slightly and the wire to 
kInk and In two cases a smceed ascenelng currmt, comt.ined with the liIt of the 
ballobn, caused the !ii&cd wire t x r e a k  and the balloon to escape.-w. R. 6. 

9 In such caes  the tcinperature of the stron wind is potentilly warmrr than that 
at the surface 8nd thewfore the eonvectiocafcolcmns tend to flatten out agahst the 
base of the sdong bind rathir than to enter it.-c. F. B. 

tion. The rise in surface velocity was coincident with 8 
change in direction from northerly to southerly (from the 
south). It seems conclusive that in this case whateyer 
effect on surface velocity might be attributed to the 
winds aloft, was an indirect one-that the rather abrupt 
rise in velocity with altitude observed in the morning 
contributed to, and was a forerunner of, the fall in pressure 
that followed. 

SEA-LEVEL PRESSURE GR.A'DIEKT, VERTICAL TEYPERA- 
TURE GRADIEST, -4XD CHANGES IN WIND VELOCITY 
WITH VARYIRG EI.EVATJON ABOVE TBE GROGND. 

Inst.ances of wind relocities a t  some mo:!erate tilti- 
tutle decide(1ly esceeding those called for by m?the- 
mttt.icn1 formula npplied to sea-level pressure grat'ien's, 
nre quite frequent,. Over Diesel such a condi ion I S  
often connected with a ressure distribution defined 
by low pressure t.o +.he nort i ,  nnd isobars of small curva- 
ture est.ending n.pprosiniately west.-esst.. Surface win& 
will t.lien Mow from n general southerly direct ion, while 
at, no great nllitiide aloft they will he from the west. 

The free-nir ohservntion of Janiiarp 26, 1919 (14) 
liegun nlmost siniultnneouslp wit-h the sorface ot serva- 
t.ions shown on the morning map of tliat day, w:!s made 
in t,he counterpnrt of such a pressure tlist.iihut,ion. A 
south-southwest surfsce wind of 1wt.m-een -1 and 5 m. p. s. 
soon changed to 17 m. p. s. from t.he sout)hwest, at. 300 
mcters dtit,ude, niirl liecame successirely west-soat.hwest 
n . t  600 niet.eis? tind west from aho.ut 1,000 met.ers to 
3,100 mct,ers. The velocity climinished sligh'ly from 
300 meters to tdiout 1,000 met.ers, al?ove which it in- 
creased again to 20 m. p. s. at 3,100 meters. 

The surface pressure. dist.ribution that morning over 
Dresel showed R grndient. townrd the north of ahout 
1 millihr in 120 kilometers. Neglecting the sli ht  

this gradient by formula inclicnt.es a velocity of ahoiit 
6.5 m. p. s., nr about one-t,hircI the re1odt.y act.uallp 
ohscrved 300 mrters above t,he gronnrl. 

Th? suggested esp1nna:i~m for. the nhrupt increase in 
velocity under the condif ions cited, IS associated wit.h 
the general west to east declivity of t.he western Bliss+- 
sippi Valley mid Pltiins States, and the result.an t adialmtic 
heat,ing, througli cnmpression, of currents directed t,oward 
the east.. If, as n resiilt of this adiabat.ic heating, the 
1a.gers of a.ir 1;ccomc warmed, relative to those Ft, the 
same altitucle farther north, the consequent lifting of 
the isobars over the relatively warmer reqon will caiise 
steeper padirnts toward t,he nort,h, and increased re- 
locibies t,owartl t,he ea.st. When this condition obta.ins 
on a clear night., surface frict.ion and the cooling of !he 
low lavers by radiat,ion, will be eflect,ive in ret.arding 
tlle veIocibies nea.r the ground. 

The possibility of such a process operrlting t.o raise 
tempera.tures aloft is sua~est.ed in the night observa- 
t.ions t.aken duiing the i%A-il series pf December 21- 
22, 191 5 ( I5), a1 though evidence of t.he Iise in temperature 
}leina effect,ke in increasing velocities is n?t conclusive 
in heye 'observatipns. A continuous yind from a 
eneral west,erlv direction is noted duiing the night 

%ours at  alcitucfes Tan, oing from about 300 meters above 
ground 6o approximately 1,600 meters. -4t the base 
of this west wind, t,he t.emperat.ure rose from 4" C. at. 
6 p. m. to nearly 1 l o  C. a t  5 3 0  a. m. 

Abiript rises in wind force n t  altitudes coincident with 
iicw turiinl inversion levels are frequent, particularly in 
south winds, and under such circumstances, velocities at  
some moc1erat.e elevation above the ground decidedly 

curvatlire of the isobtm, which mnp haTe heen st,raig a t, 
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higher than that indiolttetl by surfwe pressure gradient,s 
are not uncommon. d pronounced esnniple is sho~*ii  in 
the free-air observation of Jidy 21, 1915 (16), in which H 
rise in velocity from 2.17 ni. p. s. on tlie gromid t.0 2 5 3  . s. st about. 300 ineteis ahove t h  grouiid was re- 
cor m- B ed. Surfc~ce pressure gracliclnt?; us slim-11 OII t lw 
morning map of that clay were weak. 

Diu.nw.1 ampbittide , in , t*~hcity of south winds.-In view 
of the fact that abrupt riws in selwity at  the iiiversioii 
layer are most frequently observed and most proiioui~~.ed 
in south winds, reference is again made to the analysis 
of the warm wave of Odober 16-17, 191'7, as ofl'eriii a 

lowing a clear clay during which the winds were too liglit 
to launch n kite, u kite flight mits geiierdlp possilds in 
the early evenin hours, or as so011 n.s radiation had be- 
gun, the ossibifity t-imouiitiiig to ulniost R c:crt.ninty if 
there ha B been steady air movement from thr south 
during the day. 

An esplanation ouii he reoonoilcd \vi th these oh- 
served facts by considering conrectionnl currsnh LS 
tending to dampen the flow of air by day, nnd warm air 
doft  as overrunning the cooler air nsm t,be ground at. 
night, unimpeded by vertical cmrentu. If the air 
movement is from a wnrnier region, the rise in velocity 
a t  and above the iiiversinn layer appews to he due to 
conditions analogoiis to the wtirm wave refelTed to in 
the revious para raph. 

&en the win3 sets in from tlie south, a period of 
ressure is usually indicat.ed. In the initial 

stages o P falling pressure the winds are likely to be light 
from some suut.lierly direction, wit,h R t.enclency to veer 
with altitude, escept. that in the lower altitudes stronger 
winds  ill be found at  nighta if c.onditions favor a11 in- 
version in t.em erature. -4 deepening ns well tis a 

the approach of a ceiikr of low pressure. The night 
excess over dayt,inie velocities at  moderate clevat,ions 
above the ground, alt.liough prohablg limited t,o fair 
weather, seems to persist u d l  the more vigorous circu- 
lation near the center of thr LOW- checks the effect of 
convectional currents. 

While in the case of a pronounced warm wave, the 
stratum of maximum temperature change appears t.0 
occur in the lower lewls and to hemme progressively 
lower in altitude-as already p i n  t,ed out-a slower nse 
in temperature, est,endin to higher altit,udes, is no doubt 
an attendant feature. Evidence of this is more espe- 
cially apparent in slimmer ohservat,ions, when R gradient. 
indicating general winds from t,he south is likely to pre- 
vail for a number of days.. The conclit,ions discussed in 
this and the previous paritgraph are illustrated in the 
free-air observatioiis of July 1-3 and September 31-24. 
1918 (17). 

Noctuirza.1 ft=mpEl'cl.t.urc intvr&on an.d iuh.d vdo&j.- 
Strong winds are often observed at  the summit of a 
nocturnal inversion under circumstances that do not 
readily admit of the explanation just men, as for 
instance, when norice in temperature at t 8' e altitude of 
the strong wind is ObPerved, or when the direction of the 
wind is other tha.n from the south. In  such cases it 
may be inferred that the velocity indicated by the surface 
pressure gradient is not attained until an altitude is 
reached where the air rendered stagnant by radiation is 
surmounted. The velocit at this invefiion level may, 

'isobars aloft, cauucecl by an unequal cooling in a hori- 
zontal direction of the air layers near the ground, or a 
cooling of columns of air macle unequal in height by 

partial solution. I t  was early noted n t  Uresrl t.liat P ol- 

staengtliening o P winds from tlie s0ut.h seems t.o tittend 

moreover, be augmented z y a further inclination of the 
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topography. When the pressure cli,dribution is such that 
the normal increase in velocity with altitude faiLs, the 
effect of nocturnal radiation on velocity is sometimes 

near the inverAon 
to the ground, and above to a considerable a titude. 
The free-air observations on August 26 and 27, 1918, are 
cited as illustrations. 

npparent as a com tzrstively thin stratum of strong wind 
w i t ,  light winds estendin below T 

CONCLUSION. 

In  the lower air strata it iq apparent that causes for 
deviation.; from the normal or average vertical tempera- 
ture gradient nre in the main due to change3 ariring out 
of cloud formation and dissipation, foehn-like processes, 
nocturnal radiation, ancl various modifications in inten- 
sity axid depth of the cold wave and warm wRve phe- 
nomena illustrated in figures 1 and 6 .  Combinations of 
some of these causes also certainly occur. 

The mean temperature rrtclients in the vttrious qiitd- 

unlitatively to repre3ent aonclition9 for Dresel as well. 
?t i3,  however, quite certain thnt corre:ponding average 
winter curves for Drexel will show more pronounced 
differences in opposing qmdrants in both HIGHS and 
M W S .  

TABLE l.--iCfean seasonnl and annual temperaturea and ternperatzcre 
gradients at Drexel, N r k .  

rants of H I Q m  ancl LOWS 7 or Mount Weather (18) seem 

I 

I c. 
: ....... 1 0.10 
i-0.04 

0 36 
1-0:36 
1-0.01 

0.14 
0.36 
0.48 
0.48 
0.54 
0.60 
0.64 

Altitude 8 ring. Summer. Autumn. Winter. Year. 1 dean I Mean, 1 Mcsn I Mean 1 Mean, 
AL/lOO& At/lOOm. At/lOOh. A t / l d .  At/loOm. 

. c. * c. 
9.8 ....... 
9.3 0.4.9 
8.2 0.44 
7.6 0.24 
7.0 0.U 

4.1 0.42 
1.4 0.54 - 1.5 0.5.9 - 4.4 0.58 - 7.3 0.51, 

-10.3 0.60 
-13.3 0.60 

6.2 0.32 

TABLE 2.-2.4-hout mean tntrperabm gradients, Norember to ,Watch, at 
Drexel, Ne br. 

- ~ - ~ . ~ ~  I- 
C. C. 

...................... ...................... ..................... 0.08 -0.78 ' -0.16 
0.05 -0.17 -0.51 0.32 ..................... 0.34 -0.38 -0.09 -0 40 0.35 

..................... 0.48 1 0.11 0.40 0.51 

396 
5M) -1.00 -0.78 -0.19 -1.641 -0.74 
750 -0.18 -0.15 
1OOO 0.211 

1'500 0.30 -0.02 -0.05 
' 

..................... o:o1 0.33 

Meters. 
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